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SWIPRY 

Flight tests have been mace of e rocket-proTelled 60° deltz-ving- 
body configuration;  the wing a i r f o i l   s e c t i o n  WES M C A  0003-63. Drag 
a t  l i f t  and s t a b i l i t y  deta were obtained  for a E&ch number range 
of 1.28 t o  1.6. 

The drag due t o  l i f t  paramter increased from 0.31 t o  0.38 with 
increasing Vach mmbers,  and  only a small anomt of leeding-edge  suction 
was obteined. Values of l i f t  coefficient and pitching-morent  coefficient 
varied  linearly  with  angle of attack, end the  aerodynamic-center  sosition 
was near* constant a t  approximate- 46 percent of tlrle neen aerodymmic 
chord. Tne dsmpicg-in-pitch  derimtives  varied from -1.6 t o  -1.2 with 
increasing Mach numbers. Aeroelasticity  effects  calculated f o r  the 
tested configuratior?  imreased  with  increasing Mch nunbers md indi- 
cated E loss i n  l i f t  of about 15 percent and a forward movement of the 
aerodynaEic  center of approximately 4 -percent of the mesn a e r w m i c  
chord a t  a M~ch nuxber of 1.6. 

INTRODUCTION 

As  part of the  National Advisory Committee f o r  AeronautFcs drag- 
due-to-lif t  program (see  ref.  1, f o r  examsle) a f ree- f l igh t   t es t  has 
been &e to  furnish  addi t ional  data for thin  vings a t  high Reynolds 
nmioers. 4. 60° del*-wing configuration  having ar- RACA 0003-63 a i r f o i l  
section  vas T l i g h t  tes ted and data obhined a t  Reynolds nunbers  araund 
15 x 10 . 6 
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Also olSteined ar_d presented i n   t h i s   p p e r  are zero-lift  drag, l i f t ,  

and s tab i l i ty   da ta ,  inc1udir.g aeroelasticity  corrections.  The rocket- 
propelled-model  configuration  vas  tested a t  Lhe Langley P i lo t less  A i r -  
c r a f t  Research Station, Xallops Island, Va. 

bkch number 

dyr-aTic press-ne 

Reynolds llumber 

xomnt of i ne r t i a  

t o t a l  wing area 

wing span 

loca l  chord 

about  the  lateral   axis 

mean aerodynamic  chord 

t o t a l  lift 

t o t a l  b e g  

Fitching m o m e r t  

l i f t  coefficient,  L/qS 

drag  coefficient, D/qS 

pitching-norrent  coefficient  (relative  to the center of 
gravity) , M/qSS 

section l i f t  coefficient 

optinu? l i f t   coe f f i c i en t ,  corresponding t o  (L/D) max 

zero-lif t   drag  coefficient 

drag dLe t o  l i f t  -oarmeter - 
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6 = d8/dt 

Subscripts : 

r 

CP 

4 - 

S 

n-s 

lift-currve  slope 

pitching-Eonent  curve  slope 

dmsing-in-pitch  derivatives, 

l a te ra l   d i s tance  from fuselage  center  line 

pitching  angle or l oca l  wing t w i s t ,  i n  radians 

angle of attack, deg 

rigid-wiq  confiitions 

span-wise center of pressure 

flexible-wing  conditions 

cor-dition of' f u l l  leading-edge  suction 

condition of zero  leading-edge  suction 

NODEL h i  TESTS 

A sketch of the m o d e l  configuretior? i s  sham i n  figwe 1, and a 
photograph i n  f igare  2. 

The 600 de l t a  wing Fmd an NACA 0003-63 a i r fo i l  section and wes con- 
structed of solid durel; the  par.zbolic-proI"ile  fuselage was of wood- 
metal construction. The fusekge   o rd ina te s   a r e   l i s t ed   i n   t ab l e  I. 



4 NACA RM L55G14 

m e  mode1  was  equipped  with a telemeter  which  transmitted  measure- 
ments  including  angle  of  attack,  free-stream  total  pressure,  and  normal, 
longitudinal,  and  transverse  accelerations. 

Pulse  rockets  were  installed  in  the  rear  portion  of  the  fuselage 
to  produce  disturbances of the  model  in  pitch  about  its  lateral  axis 
during  flight  ir,  order  that  drag  due to lift and stebility  data  could 
be  obtained. 

Preflight  Yeasurerents 

Experizental  structural  influence  coefficients  were  obtained for 
the 600 delta  wing  correspording  to a loading  along  the  46-percent  chord 
line.  "he  coefficients  which  were  used  in  the  aeroelasticity  corrections 
are  listed  in  the  following  table as vahes corresponding  to  the 
local  wing  twist  at  station  (i)  due  to a unit  load  at  station (j) . For 
simplicity  in  listing  these  velues, (h) an8 (j) are  given  integer Val- 
ues 1, 2, 3, &, and 5 corresponding  to  actual  spanwise  stations  (in 
inches) 4.40, 6.88, 9.10, 11.35, and 14.48. Tke  naximum  bcdy  radiizs 
is 3.25 inches  and  the  act-aal  semispan  with  the  tip  radias  as shown in 
figure 1 is 16.73 inches.  The  values  of ei3 (rad per lb) as listed - 

are ( -lo6) tFmes  the  true  values: 

1.0 

1.5 
2.0 
3 . 0  
4.0 
1.0 
2.5 
4.0 

8.0 942 

1.0 944 
2.5 

e51 
945 

953 
1.0 954 

e55 

14.5 9k3 

4.0 
16.3 g52 
44.0 

2.5 
5.0 

2k.5 
102.0 

1.0 

2.5 
5-0 

24.5 
2ko. 0 

Plight  Test 

During  fligkt,  the  lllodel was tracked  vith an ,IUCA modified SCR-584 
radar mit to  obtain  position-time  &ata end with E Doppler  radar  unit  to 
obtain  velocity-time  data.  Atmospheric  conditions  were  determined  from 
rsdiosonde  equipment. T%e varistions of wind  direction  and  speed  with 
altitude  were  obtained  by  tracking  the  ascending  radiosonde  with  Iiawin 
equipnent.  The  varia%ians of Reynolds  number  and  dynamic pressme of 
the  test  vith  Mach number are show in  figure 3 .  

0 
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Accuracy 

Experience has indicated  that  the errors  in  the  absolute  value of 
a neasured  telemeter  quantity are within 21 percent of the range of the 
instr-uent ;  hence, a t  M = 1.45, the   e r rors   in  t'ne normal and chordwise 
force  coefficients have been  calculated  to  be  within 20.003 and t o .  001, 
respectively.   Errors  in -Wch  number and Lu are believed  to be within 
f O . O 1  and f0.100, respectively,  throughout  the test  range. 

Analysis 

The disturbences  in  pitch  result ing from the  pulse  rockets  resulted 
i n  a maxilow- angle of a t tack  of about f 6 O .  As there were no appreciable 
transverse  accelerations  duril?g flight, the  short-period  oscilletions 
resul t ing from these  disturbances have  been  anslyzed  assuming two 
degrees of freedorn by  the methods of reference 2. In addition,  the 
instantaneoils pitching-moment coefficients heve  been  calculated from 
the two n c m l  scceleromters  as lndicated  in  reference 3 .  

Expressions fo r  CLOSt and (L/D)mxt C bpt = E, 
&ax q/g = 1 1 are  obtained from <ne general  expression  for  drag 

coefficient,  CD = C D ~  + KC2 . The upper  range of the CL t e s t  data 

was i n   t h e  range of C b p t ,  hence the  garabolic  variation of CD 
against CL was w e l l  defined. 

2 

To ine ica te   the   aeroehs t ic i ty   e f fec ts  on the l i f t  and s t a t i c  
longi tudinal   s tabi l i ty   resul t ing from the f l e x i b i l i t y  of the  3-percent- 
thick  sol id   dural  wing, a brief aeroelestici3y analysis w a s  made. The 
rneth& used i s  indicated i_n_ the  eppencix and makes use of wing struc- 
tural in_fluence coefficients combined w i t h  a spanwise losding  for  the 
r ig id  wil?g. As previously steted, the  influence  coefficients were 
obteined  experimentally,  while  the  spanwise  loading  used was that fo r  
a 68O delta wing a t  M = 1.6 (experimental  curve from unpublished 
d ~ t e ) .  The difference  in  loading between tk  600 and the 680 de l t a  
wes assumed negligible. 

DISCUSSION 

The at& in   general  are presented  for a wing-body configuration 
heving e. wing wi th   f lex ib i l i ty   charac te r i s t ics  that could be represent- 
a t ive  of that of a typ ica l  missile o r   a i r c ra f t   i n   t h i s  speed range. 

- 



In specific  cases,  curves  are shown which have been corrected  for  aero- 
e l a s t i c i ty   t o   i nd ica t e  the range of losses   in  l i f t  and s ta t ic   longi tudi-  
na l   s t ab i l i t y   t ha t  could ex i s t  on similar configurations  relative  to a 
rigid-wing  condition. A plot of the f l e x i b i l i t y  parameter, effective- 
l i f t  ratio,   for  the  configuration Fs shown i n   f i g x e  .$(a). 

To confirrn that t'ne assurrptiom made in  applying tlze  method f o r  
aeroelasticity  corrections  indicated  in the appendix to  the  delta-wing 
configuration of the  present test were justif ied,   values of the 
present test corrected  to  rigid-wing  cocditions and two similar configu- 
rations (ref. 4) are shorm i n  figure 4(b). The two configurations from 
reference 4 f n n i s 4  a good comparcson being delta-wing-body configura- 
tions  having wings v i tk   ident ica l   sec t ions   to   tha t  of t he   yesen t  test 
and mounted  on similar bodies. A s  the wings were constructed of so l id  
s tee l ,  Yney are   assmed  to  be representative of nearly  r igid wings. 

ck 

mag 

In  f igure 5 typical   p lots  of cD against cL and cD against  cL2 
are  s'oown, inchding  tes t   soints ,   to   give  an  indicat ion of the   sca t te r  
of the  actual data points. 

in   f igures  6(a) and 6(b),  zero-lif t   drag and drag due t o  l i f t  are . 

shorm against Yech nuxber. The values of increased from 0.31 

a t  M = 1.28 t o  0.38 a t  31 = 1.6. Shown fo r  comparison is a calculated 

curve of (q) (no  leading-edge  suction fo r  the f lexLble  uing con- 

dCL, 

'% n-s 

figuration) . m e  values xere  calczlated from the integrated 

e f fec t  over the wing resul t ing from the assumption that the  resultant  sec- 
t ioc  force was normal t o  i t s  loca l  c3ord and in  consideration of the span- 
wise varying a resul t ing from the f l e x i b i l i t y  of the wing. Also shown 

i s  e. (-) cmve, representative of ti, condition of fa11 leading-edge 
S 

suction. The (3) curve w8s obtained by subtracting A - dCD values 
dCL2 

S 
(tke  increment of the  calcclated  leading-edge  contribution t o  the - dCD 

dCL2 
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of an.isolated 60° delta Xing when f u l l  leading-edge  suction  exists, 

A s  would be  expected and as is  apparent from these curves,  the 

expr iEen ta1   cave  of - dCD f o r  the configuration  includes a combined 
dCL2 

e f f ec t  of leading-edge  suction  and  aeroelasticity, and indicated that 
only a small amo-mt of leading-edge  suction m s  obtained. The curves 
also  indicate   the major e f f ec t  that leadir?g-edge suction  can have on 
the drag a t  lift of a 600 de l t a  wing over this speed  range. 

To give  an  indication of the performance character is t ics  of the 
configwatioz, (L/D),, and C b p t  have  been s lot ted  against  mch 
nunber i n  f igwes 7(z) and 7(b) . (L/D) decreased from 6.6 t o  5.8 
w i t h  increasing  Wch number; remained nearly  constant  over the 

test range et  approxfmtely 0.24. 
%pt 

S tab i l i t y  

Both C-, and Cm values  varied  linearly w i t h  CL throughout  the 
test range ar?d the i r  corresponding  slopes are p lo t t ed   i n  fzguzes 8(a) 
and 8(b) ageinst  Mach nurliber; both and C decreased with 

increastng  mch  n-mer.  A l s o  sho-m- are and Cma curves  corrected 

for   aeroelastfci ty .  

ma 
cLa 

A s  i s  obvious, the aeroelast ic i ty   effects   increased w i t h  increasing 
kbch numbers, an6 a t  M = 1.6 the loss i n  l i f t  was about 1.5 percent 
and the loss Fn C% was approximtely 25 percent the loss i n  
r e l a t i v e   t o  a pitching axis et 14.6 percent MAC). 

( % is 

Calcdzted values are shown as determined by reference 5 f o r  

an isolated 60° w i n g .  Also shown are calculated. wing-body Cr, vzlues 

as determined by reference 6. The agreement  between calculated  values 
m-d the  corrected  experinental  values is  very g o d .  

c%L 

Tjne ae rdpmic -cen te r   pos i t i on  is shown in   f igure  g(a> agaimt 

46 percent “IC. With aeroelasticity  corrections as sho-vn, the sero- 
dynanic  center moved rearward; a t  M = 1.60 this c h n g e   i n  the 
aerodpamic-center  postion kas about 4 percent M.4C. 

I Mach number and was ap-proximtely  constant over the test range a t  about 

- - 



Shown i n   f i g n e  g(b) are  the  damping-in-pitc?  derivetives 
ageinst Mach nmber. The sum of the  derivatives  varied from -1.6 t o  
-1.2 fo r  corresponding Yaci nur5bers of M = 1.28 and M = 1.60. Cal- 
culated  daping-i?=-pitch  derivatives  determined by reference 7 are a l so  
shom; the  excellent  agreezent  with  the measared values would apgear 
fortuitous . D&mping-Ln-pitck derivz-lives  fro3  tunnel -measurements , 
reference 8, a re   a l so  ir. agreen?ent vitk  the  gresent test. 

(cm, + C%) 

CONCLUSIONS 

The resu l t s  of the  Fresent  investigation of e 60° delta-wing-body 
configrat ion  with  zn NACA 0003-63 airfoil   section  indicate  t3e  following 
conclusions  for a YE& nuqber rar?ge between M = 1.28 t o  M = 1.60: 

1. The drag-cue-zo-lift  parameter  increased from 0.31 t o  0.38 wicn 
increasLng Mach Ember, and only a s n a l l  mount cd leading-edge  suction 
w a s  ob-lained . 

2. C, and Cm values  varied  linearly  with CG and the aerodynamic- r 

center  positior_ w a s  nearly  constant a t  approximteu  46 percent WC. 

3 .  The damping-in-pitch  derivatives  varied from -1.6 t o  -1.2 w i t ? ?  
increasir-g Yach r a b e r  . 

4. ValEes of (L/D) mx decreesed from 5.6 t o  5.8; however, 

CLopt remined  nearly consLtant a t  0.21 over  the  -hch n'mber rznge. 

5.  Aeroelasticity  effects  calculated for the  tested  configuration 
imreased  with  iccreasffig M&c> run%ers and indicated e. loss  i n  lift of 
aboslt 15 gercent ar_d a forward rovernent of the aerodynanic  center of 
zpproxinately 4 percent MC a t  M = 1.6. 

Langley Aeronautical  Laboratory, 
Nations1 Advisory Committee fo r  Aeronautics, 

Langley Field, Va., July 8, 1955. 
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AEROELASTICITY CORWCTIONS 

Aeroelast ic i ty   correct ions  to  the wing-body l i f t  and s ta t ic   longi -  
tud ina l   s tab i l i ty   da ta  have beelz made as WES similar ly  made f o r  exposed 
svept wings in  reference 8. The der iva t ion   for   f lex ib i l i ty   e f fec ts   for  
the wing-body configuration is  preser-ted as it is slightly di f fe ren t  
than when only  the  emosed wing panel is considered and in   t u rn   r e su l t s  
i n  immediate wing-body f l ex ib i l i t y   e f f ec t s .  

The basic  assunstions made in raking the present  corrections are: 
(I) the spanxise  loading of the rigid  ving  moTted 011 the body i s  the 
same as fo r  the  isolated wing, t h a t  is, the body ef fec ts  are negligible, 
(2) that the loaded  flexible wing has e straight chord l ine  a t  any span- 
wise s ta t ion,  (3) thzt in  deterpining the s t ructwal   inf luence  coeff i -  
cients,  applying  the  loading  along the approximate  center of pressure 
chordline of the ving w i i l  resul t   in   coeff ic ients   representat ive of the 
loading i n  flight, and (4) aerodynmic  induction  effects are considered 
Eegligible after t h e   i n i t i a l  rigid-wing  loading. 

The method requires bot'? thx rigid-wing  spanwise  loading c-srve end 
structural   influence  coefficients,  and is essent iz l ly  a form of strip 
theory i n  that the - i n g  and i ts  corresponding  loading cu_rve is divfded 
in to  a ser ies  of s t r i p s  (may 3e of vmying  widths) similar to  the  sketches 
belov,  There the (0) strip corresponds t o  the portion of the semispan 
within the fuselage. 

\ 

0 
- 

0 

'I 
Wing Panel 

'I 
Spanwise Wing Loading 



From the  previous  assump-liols it' i s  apparent  thet  the lift of each s t r i p  
of the  f lexible  ving is  directly  proportiocel t o  (ar + L a )  where ar I s  
the  angle of a t teck a t  the  center  l ice of the  configuration or a fo r  
rigid-xing  conditiors, and h due t o  f l e x i b i l i t y  i s  the  increnentel a 
a t  the  center of presswe of' the   s t r ip .  As the  eqLilibriu2 aC. fo r  any 
stri? i s  dependent on the   -h i s t ing  of the  other  str ips,   the  result ing 
l i f t  on a s t r i p  -*ill be giver_ by the  solution of a ser ies  of equations 
equal  in  nmber  to  the IS number of s t r ip s   i n to  Tq5ich the wing is 
divided. 

The t o t a l   l i f t  over the semis-oan  of e r ig id  wing is  given as 
L = Ch5qS/2, where c5 i s  ir, radians and %:?e s53script r r e fe r s   t o  

center  l ine or rigid  conditions. Hence, the l i f t  associated  vith any 
X-strip of the  f lexible  wing xould be given by 

where (fron  the  loadhg curve) 

By dividing t'ne expression for Lx by U r  a?  expression f o r  - is 
obtained 

ar 

Lux L x 1 - = -  
ar ar C % ~ ( S / ~ ) K X  - 1  

and to  simpiify f o r  computational p rposes  

Q = c- 
' a r q  



The increrrental a due t o   f l e x i b i l i t y  can also be wr i t t en   i n  terms 
of the  stractural   influence  coefficients and for the E a  associated  with 
t'r-e typical  X-strip is ,  

- 

There  tile  general  influence  coefficient e i j  i s  defined as the t w i s t  
per uit load a t  the  center of pressure of t h e   s t r i p  i d w  t o  a load 
a t  the  center of pressure of s t r i p  j .  Again the number of equations 
resul t ing is equgl t o  the N number of s t r i p s  chosen. 

Combining equations (1) and (2) end t h e i r  corresponding  expressions, 
yields  the  following  set of equations: 

- correspor-ding to   the   s t r ip   x i th in   the   fuse lage  as indiceted  in  the  pre- 
vious  s'ketches, and then  the N-I  simulta_n_eous equetions: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

The &ove equetions are solved  for - LOhk . I I -  LX . .  LN 
ar ' ar aq-' aq" ar' . -  

i n   t e rns  of specif ic  vaxues ol' Q (the  values  are chosen  corresponding 
t o  the  test   renge).  With the  solution of the previoss  equations the 
following  expressior-  can  be  written, 



Thich is  the   ra t io  of tke l i f t  of the flexible-ving  configura3ion t o  
tha t  of a rigid-wing  configuratfon. C can be determined from & plo t  

o? %he above e-xpression for the  assuned  specific  vahes of Q previomly 
referred  to,   for ary given q value and in   turn i ts  corresponding Yach 
nu53er. 

k r  

The sparwise  center of pressure  for  the  f lexible -ding is given by 

hence 

where A is tke  appoximte sweep of the center-of-pressure chord l ine.  

As  greviously mentioned, the method requires a l inear  chordwise 
variation of the flexible-wing chord  plane a t  any  spanvise  station; 
hence, it seemed questiomble that it could  be  used fo r   de l t a  wings i n  
general. However, in  f inding the experimental  influence  coefficients, 
it was found tha-c  w i t h  a spanwise  loading  along the 46 percent chord 
l ine  (representative of' GOo de l t a  wings i n  this speed  range) resulted 
i n  a lir-ear var ia t ion  for  this wing within the accuracy of the measure- 
ments. The final ju s t i f i ca t io r  of assuming a lir-ear  chordvise  variation 
is in   the agreement of the  corrected l i f t  values w i t h  those measured 
under near  rigid-Xing  conditions. 

For the  present  test ,   the wing vas divided  into  six  str ips  vhich, 
from previous tests, seened t o  be  an  adequate number. Though i ne r t i a  
e f fec ts  can easi ly  be  included i n  .the present method, a rough check 
indFcated t'ce iner t ia   e f fec ts  of the present wing were negligible; hence, 
no corrections  for  these  effects  vere  included. 
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Distance from nose 
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Figure 1.- Sketch of' Lhe tested configuration, all l inear dimensions 
i n  inches. 
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3 Figure 2.- Photograph of the tested configuration. 
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Figure 5 .  - Variations of Reynolds number based on mean aer0dynamj.c chord 
and q with Mach number. 
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CLaf 

cLcs 

Total configuration corrected 
for aeroelastlcity 

_ _ _  steel  ring oonfigurations ref. 4 

Figure 4.- L i f t  characteristics of t h e  tested configuration aQd compari- 
sons w i t h  near r igid w i n g s .  
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Figure 

CD 

5" m ? i c d  CD curves showing actual  t e s t  points .   (Firs t  
01" M = 1 . 3  o s c i u s t i o n .  ) 
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Figure 6. - Variations 
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of zero-lift 

II 

drag and drag at  l i f t  with Mach  number. 
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7. r lgure 7.- Varia-tions of  mxirmun l i f t - d r a g   r e t i o  and optbum lift 
coefficient  with MBch nuber. 
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Figure 5.- 
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Variations of the slopes of the lift and nonent  curves with 
Mach rider including  aeroelesticity  corrections. 
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Figure 9.- VEriations oZ the aerodpmic center and demping in pitch 
derzvatives with Mach nufber. 
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